We investigate the effect of errors in the migration velocity model of PS converted waves on the travel-time calculated in prestack Kirchhoff time migration in weak anisotropic media.
INTRODUCTION
In isotropic media, the error in the PS wave velocity has a larger effect on the image obtained from prestack Kirchhoff time migration than the error in the P-to-S velocity ratio (Dai and Li 2006 ). This suggests that for time processing, only the velocity of PS converted waves needs to be accurately estimated and a roughly estimated P-to-S velocity ratio is acceptable for producing the PS converted wave migration image. This phenomenon is useful for processing PS converted wave data because it is difficult and time-consuming to estimate the P-to-S velocity ratio accurately from real data. However, when anisotropy cannot be neglected, there are more parameters in the velocity model of PS converted waves (Li and Crampin, 1993; Li and Yuan 2003) . We have to investigate the effects of errors in these parameters on the traveltime and imaging of PS converted waves. In this paper, we extend our previous work (Dai and Li 2006) to anisotropic media. Firstly, we analyse the source of errors in the traveltime calculation and derive a relationship between the errors in travel-time and the absolute error of parameters of the migration velocity model. Then we perform a numerical analysis to demonstrate the effects of velocity model error on travel time calculation for prestack Kirchhoff time migration.
EFFECTS OF TRAVEL-TIME ERRORS ON PRESTACK TIME MIGRATION
The accuracy of PS converted wave travel-times calculated in prestack Kirchhoff time migration plays a crucial role in producing high quality migrated images and is determined by the accuracy of the migration velocity model. For anisotropic media, the migration velocity model consists of PS converted wave velocity ( ps V ), vertical velocity ratio ( 0 γ ), effective velocity ratio ( eff γ ) and the anisotropic parameters ( χ ) (Li, et al., 2007; Li and Yuan 2003) .
In prestack Kirchhoff time migration for weak anisotropic media, the travel-time ps t is the summation of the travel-times of the down-going P-wave and up-going S-wave. , (6a) (8b)
Equation 4 shows that the travel-time error is the summation or substitution of the products of the error factors and the corresponding absolute errors. These error factors illustrate the effects of the relative errors in ps V , 0 γ , eff γ , and χ on the travel-time computation. Their characteristics determine the travel-time dependence.
NUMERICAL MODEL ANALYSIS
Generally, each error factor has two terms (Equations 5, 6, 7, and 8); one term is related to the P-wave raypath and the other is related to the S-wave raypath. Note that for weak anisotropic media, the values of these terms are always positive (Equations 5a, 5b, 6a, 6b, 7a, 7b, 8a, and 8b depend on the location of the scatter point and they become very large when the scatter point is at either end of a diffraction curve, especially at the end beyond the source location. We should also point out that an error of 0.05 is quite big for χ in weak anisotropic media. In practice, errors of χ are so small that errors in travel-time may be neglected.
ANALYSIS OF EFFECTS OF PARAMETERS
In this section, we compare the results for anisotropic media with the results for isotropic media obtained by Dai and Li (2006) . The results for anisotropic media show similar features to the results for isotropic media. Firstly, for both anisotropic and isotropic media, errors in velocity have the largest effects on the travel-time error. The velocity ratio in both anisotropic and isotropic media has less effect on travel-time error. However, in anisotropic media, there are both a vertical velocity ratio and an effective velocity ratio. The vertical velocity ratio has much less effect on the travel-time error than the effective velocity ratio. The anisotropic parameter in anisotropic media has a similar effect to the effective velocity ratio. Secondly, the travel-time errors in both anisotropic and isotropic media are inversely proportional to the travel-time itself, which implies that the long travel-times are more accurately calculated than the short travel-times. Thirdly, the travel-time errors are inversely proportional to the PSwave velocity, which implies that the travel-time computation is more accurate in high velocity media than in low velocity media. V . Fourthly, the travel time error caused by the error in the velocity ratio in both anisotropic and isotropic media changes sign as the common image point locations vary. These sign changes result in asymmetric events in common image point gathers as we discussed in Dai and Li (2006) .
Since the travel-time error in anisotropic media has similar features as that in isotropic media, it has a similar effect on migration images. All discussions in Dai and Li (2006) can be applied to the case of anisotropic media and the same conclusions obtained. We will not repeat this analysis in this paper. This analysis shows that the velocity error mainly affects the position of the imaging point and velocity ratio error mainly affects the focusing of the imaging point. To obtain a focused image, the travel-time error must be less than some small value. To achieve this, the velocities must be as accurate as possible and a rough estimate of the P-to-S velocity ratio is needed.
The quality of the image is determined by the accuracy of the calculated travel-time.
If there are no errors in the velocity model and the travel-times are correctly calculated, the energy will accumulate precisely at the desired image point. Otherwise, the energy will be smeared around the desired image point according to the errors in travel-times. Due to the energy smearing, the frequency of the resultant wavelet is lowered.
Because the error in travel-time caused by 0 γ is much less than that caused by eff γ , χ , and ps V , we can ignore the effect of 0 γ on travel-time. That means we only need to consider the effects of eff γ , χ , and ps V in migration velocity analysis and prestack time migration. 0 γ must be estimated by other methods.
To examine the effects of eff γ and χ , two ratios are defined as: 
and 
Note In Equation 14, explains why the quality of the shallow part of the migrated image is poorer than the deep part.
For dipping targets, the effect of error in eff γ and χ increases with increasing dip angle of a target. The larger the dip angle, the larger the effect of the error in eff γ and χ . The events in CIP gathers appear asymmetric due to the error in eff γ and χ .
The above conclusions have been used to guide how to update the migration velocity model for real seismic dataset (Dai and Li, 2007a, b) . In these two papers, both synthetic and real examples confirm the above conclusions. ) for each layer (Figure 7) . The following parameters are defined: The short-spread normal moveout velocity for P-waves and S-waves and effective anisotropy parameters are (Tsvankin and Thomsen,1994) :
CONCLUSIONS
(A-1) (A-3)
The anisotropy parameters for P-waves and S-waves are:
Note from the above definition, we have
This N-layer vertical-transverseisotropic medium can be considered as an equivalent anisotropic medium. Based on the above parameters, we can define the following effective parameters of this equivalent medium for P, S, and PS converted waves: Note that the parameters for PS converted waves can be converted to parameters for P and S waves or vice versa. 
